A SURVEY OF THE USES OF MOTION PICTURES IN 






' A 







# 



* 



INSTRUMENT FLIGHT 



A Thesis 
Presented to 

the Faculty of the Department of Cinema 
Institute of the Arts 
The University of Southern California 






s 












In Partial Fulfillment 
of the Requirements for the Degree 
Master of Arts 




On t- 
% 



o*> 



Thesis 

S695 






by 

William Emmett Stephens, Jr. 
August 1951 



/ 



A SURVEY OP THE USES OF MOTION PICTURES IN 



INSTRUMENT FLIGHT 



A Thesis 
Presented to 

the Faculty of the Department of Cinema 
Institute of the Arts 
The University of Southern California 



In Partial Fulfillment 
of the Requirements for the Degree 
Master of Arts 



by 

William Emmett Stephens, Jr. 
August 1951 



I fvX/0-C<2 

S(o C ?^ 



UUOUY '* 
«*avn. t 
**o;j t*. .r 



77m thesis, written by 

w JL1 JkS!m..wG!noB3isJtLl£. .£L j«€i£il3iSLn£L»...57-X!^ 

under the guidance of h..X§..F acuity Committee, 
and approved by all its members, has been 
presented to and accepted by the Council on 
Graduate Study and Research in partial fulfill- 
ment of the requirements for the degree of 

Master of Arts 






ACKNOWLEDGMENT 



This study was made possible by the opportunities 
offered to Commissioned Officers of the United States Navy, 
through the U. S. Naval Postgraduate School, Annapolis, 
Maryland. 



TABLE OF CONTEXTS 



CHAPTER PAGE 

I. STATEMENT OF THE PROBLEM AND DEFINITIONS OF 

TERMS ........ ...... 1 

Statement of the problem 1 

Limitation of the study .... 2 

Status of the study 3 

Importance of the study ... 3 

Method of procedure ...... 4 

Statement of the sources of data ...... 4 

Definitions of terns used . 5 

Avigation .......... . 5 

Instrument flight 6 

Orientation ....... 6 

Radio navigation .............. 6 

Organisation of the remainder of the thesis , 6 

II. TRAINING FILMS ON INSTRUMENT FLIGHT 7 

Method of survey ......... . 7 

Results ..... ....... 3 

Interviews with air lines .... 12 

Letters and personal visits 13 

Manufacturer® ..... 13 

Organizations ........ 14 

Departments of the Government . 14 

Personal visits • 14 



V 



CHAPTER PAGE 

Visits to aircraft companies 16 

III. EYE MOVEMENT STUDIES 20 

Development of the methods for observing and 

recording eye movement 20 

Items of eye movement measurement ...... 28 

Description of motion picture equipment ... 29 

Procedure for analyzing the film records ... 35 

Examples of studies made 37 

Conclusion 40 

IV. FILMS ON AVIGATION 4l 

Discussion 4l 

Source of information 43 

Description of the films 44 

Illustration 45 

V. CONFIDENCE IN INSTRUMENTS 51 

Discussion of films 52 

Instrument indication 53 

VI. FILMS ON NEW AIDS TO INSTRUMENT FLYING 58 

Ground Control Approach (GCA) 59 

The Instrument Landing System (ILS) 60 

The High Intensity Lights 6l 

Fog, Intensive Dispersal Of (FIDO) 65 

Evidence of Interest 71 

Conclusion 72 






mtmm 

- mtmm ^ M null 

* ■ *•»•*». rt tk^M. «<; V» tnwrmo 

• •»••••• i«m *V* 

tm in • -*»/« : , .u;^ It 

*rji *H vtiifl-oa *1 nut t^rit 

n -. - **» Ottrl. UMi 

. • mtutlxmi 

** * • • - * r ^ MU* ,V4 

• '»••* noiiiwVti t* 

1# • ’• • 1 • • t i iTi »IH «M 1# nfiJqiUiirt 

• • • "*Hot9W4£L£1 

^ * . . itmiii mu it lowg niy, .* 

* r » . Min \a .-**:*_ 

*: |.*Jtn»w]wnra!i uriun <i? 

•* .... itilj W ifi -«v 

■' » K • • ftiflkJJ %4t*n+*<a TU •? 

9 • . ft .- ICKHHJ to •4*«mX Ml 

9v 



vl 

CHAPTER PAGE 

VII. SUMMARY* CONCLUSIONS AND RECOMMENDATIONS .... 73 

Conclusions . 73 

Recommendations 75 

BIBLIOGRAPHY 77 



LIST OF FIGURES 



FIGURE PAGE 

I. An Enclosed-Open-Top-Box Flight Teat Data 

Stand . • . 18 

II. Airplane Cockpit, As Equipped for Eye Movement 

Teat . 32 

III. Instrument Panel Showing Location of Mirrors 
Which Reflect the Pilot's Eyes and the 
Stopwatch. The Arrangement of Instruments 
Is That Used in the First Series of 

Experiments ...... 33 

IV. Camera Mounting Arrangement Used in the 

Aircraft ........... 34 

V. Three Frames of Photography Reproduced from 
the Film Recording of One Subject's Eye 
Movements to Illustrate the Ease with 
Which the Instrument the Pilot is Fixating 

Can Be Determined 36 

VI. Length of Eye Fixations and Number of 

Fixations on Aircraft Instruments During 

GCA Approaches ......... 39 

VII. Diagram of the Signals Sent Out by a 

Navigational Radio Station ......... 47 

VIII, Diagram of the Ninety Degree Method of 

Orientation. Only the Beams and Quadrants 



Viil 



FIGURE PACE 

of the Radio Signal Are Shown ........ 48 



IX. Gyro Horizon as Compared with Actual Plane 

Action and Gyro Compass or Directional Gyro , 55 

X. Glide Path and Marker Beacon Installation ... 62 

XI. Runway Localizer Installation .... 63 

XIX. Cross Pointer Used in Instrument Landing System 64 
XXII. High Intensity Light (SLOPE LIKE) The Plane 
is Correct. On Centerline, on Glide Path 
Both Rows of Lights Fora Straight Lines ... 66 

XIV. High Intensity Lights (SLOPE LIKE) The Plane 
is High hut on the Centerline. Lights 
Break their Straight Lins and Point Down 

Fly Down 67 

XV. High Intensity Light© (SLOPE LIKE) Plane is 

Low but on Centerline. Lights Break Straight 
Line and Point Up so Gain Altitude ..... 68 

XVI. High Intensity Lights (SLOPE LINE) Plane is 
on Glldepath hut is Right of the Centerline 

Lights Point Left so Fly Left 69 

XVII. High Intensity Lights (SLOPE LINE) Plane is 
on the Glldepath but is to the Left of 
Centerline. The Lights Point Right so Fly 
Right to be Properly Lined 70 



CHAPTER I 



I. STATEMENT OP THE PROBLEM AHD DEFINITIONS OP TERMS 

In recent years motion pictures have taken an 
Increasingly important part in education while aviation has 
become increasingly complex and more dependent on Instru- 
ment a. The Industry, the planes and instruction are all 
involved with instruments. More and more grows the need to 
fly safely through bad weather and conditions of no 
visibility. Such flights depend on instruments. Therefore, 
proper use of Instruments implies proper and thorough 
training in their operation and solid acquaintance with 
their construction. Motion pictures can aid in teaching 
the use of instruments! they can study the need of Instru- 
ments; they can record, and thus aid in evaluation of 
instruments. 

Statement of the problem . The purpose of this 
study 1st (l) To make a survey of the films used in 
teaching instrument flight; (2) to gather information on 
the research that was done on pilot eye movement and the 
uses of motion pictures in that aspect; (3) to determine 
the need of schools that teach instrument flight; (4) to 
approach new landing aids as a photogenic subject; and 
(5) to present the findings in a manner that will aid in 
making motion pictures that teach Instrument flight. 
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Limitation of the study . The study Is strictly 
limited to the subject of instrument flight. The great 
number of related subjects have been excluded to narrow the 
problem as much as possible without weakening the structure 
of the thesis. No attempt has been made to cover the 
numerous films on Aerology, Aerodynamics, Aircraft Mainte- 
nance, Radio Equipment, Visual Plight Instruction, and many 
others. Instrument flight involves the simultaneous 
solution of two problems: one of them is concerned with 

the manipulation of the aircraft, and the other is concerned 
with avlgatlon of the craft in space. 

Proficiency in instrument flight, j/Royever? 
requires: 

1, an understanding of the relationship of control 
coordination and power to obtain the desired per- 
formance . 

2, an understanding of the fundamentals of practi- 
cal aerodynamics. 

3, a thorough working knowledge of the flight 
instruments used to control flight attitude and their 
limitations. 



5» a complete understanding of procedures connected 
with the use of radio aids to navigation and their 
application. 1 



1 Instrument Flight Procedures , U. S. Naval Schools, 
All Weather Plight (Corpus Shristi, 'fexast U. S. Naval Air 
Station, 1950), foreward, p. 3. 
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Status of the study . This survey is unique in that 
it is the first to be conducted solely on motion picture® 
that deal with Instrument flight. The idea for the survey 
arose out of the author's need for information on instru- 
ment flight and also from the fact that other pilots who 
have not been actively engaged in regular flights need a 
source of ready instruction and information. 

The survey was conducted during a period when the 
United States was rearming itself. Ken who had not flown 
for some time wanted and needed refresher material in basic 
work. They needed information on newer systems of instru- 
ment flight. The military forces, in the expansion of their 
program of flight training at this period, indicated a need 
for films by having produced the first film on basic instru- 
ment flight. 

Importance of the study . Fields of aviation and 
motion pictures are comparatively new. Each in Itself is 
growing in importance. Aviation is now recognized to be 
the mode of travel that delivers the best and the fastest. 
Our modem way of life grows increasingly dependent on 
speed and quality of that speed. The protection of our way 
of life is developed on our alrpower. The need for pro- 
tection, the demands of commerce, and the emergencies of 
sickness emphasize the want to fly safely all day and night 



every day. Motion pictures are Important In finding that 
way and satisfying that want. 

Method of procedure . An attempt was made to contact 
the flight schools In the immediate area to determine what 
was available as motion picture training aids on the 
problem. Further, determine what problems these schools 
had. If any . Plights were made to the All Weather Flight 
School of the U. S, Navy in Corpus Chrlsti, Texas, to 
investigate the situation there. The Navy had been working 
for some time to complete a motion picture that would be 
used In the All Weather Flight School. 

Studies that had been done on Instruments and their 
placement in the airplanes were investigated, films were 
viewed, and the author attempted to renew his own instru- 
ment qualifications with the aim of determining what help 
training films would be. 

Statement of the sources of data . Flying on instru- 
ments Is a skill that must be developed. It requires 
proper equipment and training. It also Implies a need to 
fly in bad weather for this type of flying is not something 
that is done for pleasure. The very nature of instrument 
flight limits It to the military forces and scheduled air 
lines that endeavor to maintain constant flight schedules. 

This survey was made of the local air lines to 
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determine what films ware used in their pilot training 
program* The chief pilots of the local air lines were 
contacted, either in person or by letter, and questioned 
about the films their companies used* The survey continued 
to the military forces* It was discovered that the Air 
Force and the Naval air arm Interchanged films freely. 

Since the author la a naval aviator, the Investigation wss 
concentrated on naval bases* All pertinent films from the 
libraries of the Naval Air Station, San Diego, California; 
N.A.S., Alameda, California; N.A.S., Los Alamltos, 
California; and the Army film library of this district were 
viewed. In addition, several trips were made to the Navy's 
All Weather Flight School in Corpus Chrlstl, Texas, to 
gather information and to view films* 

Letters were written to various manufacturers of 
instruments and to various organisations that were con* 
cerned with aviation and photography to determine what use 
they made of motion pictures* 

II. DEFINITIONS OF TERNS USED 

A vl gat Ion . Method or means whereby the position of 
an aircraft is determined without visual reference to the 
surface of the earth, and guides the craft along a desired 
path* 
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Instrument flight . Instrument flight Is a method of 



safely conducting cargo or passenger aircraft by means of 
dials, pressure gauges, and gyroscopic instruments when 
weather conditions obscure normal means of orientation. 

Orientation . Orientation is a knowledge of one*s 
position normally arrived at through visual contact with 
the earth and a sense of balance* 

Radio navigation . The means of conducting the 
flight of an aircraft between two points by the guidance of 
radio signals. 



III. ORGANIZATION OF THE REMAINDER 
OF THE THESIS 

The second chapter is concerned with training films 
on instrument flight. The following chapter contains a 
very brief review of the methods of studying eye movements 
used by psychologists. The fourth chapter deals with 
avlgation training films. The fifth chapter was written on 
films dealing with confidence. Chapter VI concerns itself 
with new aids to instrument flight. Chapter VII is the 
summary. 



CHAPTER II 



TRAINING FILMS OH INSTRUMENT FLIGHT 

The purpose of this chapter le to present the find- 
ings of the survey that was Bade of instrument training 
films. The work done on this portion of the thesis con- 
sisted of* (1) viewing every available film that mentioned 
the words “flight instrument” or “weather flight” or in an? 
way indicated that the subject was concerned with infor- 
mation on this problem; (2) contacting the local commercial 
airlines to determine what films, if any, were used in their 
flight schools; (3) writing to the manufacturers of aircraft 
instruments and to various department s of the government to 
determine if any films, or training aids were being con- 
templated; and (4) visits to various aircraft manufacturers 
in the local area to see the films that were being made of 
their particular planes. 

Method of survey . This investigation began with a 
search through film catalogues of the Civil Aeronautics 
Administration, Haval Air Stations, and the U. S. Army Film 
Library to determine what films on this subject were avail- 
able. This work has not, however, used any material that 
the military forces considered classified. Only those films 
marked “unclassified” were viewed. 

The first point of search was the branch film library 
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of the Civil Aeronautics Administration located here in Los 
Angeles, Every film available on the subject was viewed. 
From that point the unclassified films at the Naval Air 
Station, Los Alanitos, California, were viewed. The author 
then contacted the chief pilots of the largest airlines in 
the vicinity of Lob Angeles. This city is the center of 
operation for several first line air carriers that would act 
as a cross-section for the training of commercial pilots. 

After the interviews had been completed, the search 
to find films was taken up again. Trips were made to San 
Diego, California; San Francisco, California; and to Corpus 
Christ!, Texas; to view films available. In all of the 
above-named cities the U. S . Navy maintains film libraries* 
Also, in Corpus Christ!, the Navy operates an All Weather 
Flight School to train its Naval aviators to fly through 
instrument weather conditions* 

In between the interviews and the search for films, 
letters were written to manufacturers of flight instruments 
and to the various departments of the government to deter- 
mine what material was available. Along with this, books 
and manuals on the subject were read to determine the 
possibility of presenting the material in a motion picture. 

Results . The results of the entire survey were 
generally very slim. There were no films in circulation on 
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the subject of flight on Instruments, It was learned, how* 
ever, that the Navy had become interested in a training 
film on the subject and had completed one film, but as yet 
had not distributed the film. Several films on radio navi- 
gation were found, These will be considered in another 
chapter. Other films on operation and maintenance of var- 
ious types of instruments were in evidence. Several good 
films on weather, aerodynamics, and other related material 
were available. Those subjects were not the object of this 
t teals and were not considered. 

The cross-section of the six film libraries (C.A.A., 
Los Alamitos, San Diego, San Francisco, Corpus Christ!, and 
the Sixth Army Library } is considered good because they 
generally carried the same films. 

Ninety-three films were viewed either in part or 
totally . Films were viewed for both subject matter and 
technique of presentation. Several of them were not 
related to instrument flight, but they were of interest 
because of the manner of presentation of their particular 
subject. Of this group of films the date on the latest was 
19 * 9 . The earliest was 19^2. The majority were made 
between 19*3 and 19*5. 

All of the films were made by the U« S . Government, 
The majority by far were made under the sponsorship of 
either the Air Force or the Navy, a limited number were made 
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for the Civil Aeronautics Administration. No attempt has 
been made here to separate the films made by these various 
departments for It was found that unification did exist, at 
least In the film distribution, and that the three depart- 
ments exchanged films freely. 

Of all the films viewed only one related to tho 
subject of this chapter, namely, instrument flight. It is 
well at this point to bring to mind again the meaning of 
"instrument flight”. This is the actual control of the 
plane by means of reference to dials, gauges, and indicators 
that register in a manner that will enable a man, through 
his interpretation of their registration, to safely conduct 
his craft. This Is important for unless the act of flying 
on instruments is well learned and performed it is 
impossible to travel between two points and to land once a 
destination la reached. 

This one film mentioned was produced by the Navy. 
Titled "Flight Through Instruments”, it was made by Polaris 
Pictures, Inc., of Los Angeles, California. The script was 
prepared under the supervision of the 0* S. Naval School/ 

All Weather, at the Naval Air Station, Corpus Chrlstl, 

Texas. The All Weather Flight School requested that the 
film be made as an aid in their ground school work. The 
purpose of the school is to qualify Naval Aviators as 
instrument pilots. The students have had a good deal of 
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flight experience but have lacked the qualifications re- 
quired to fly on instruments. The All Weather School felt 
that there was a need for a film on basic instrument flight. 
The purpose of the film "Flight Through Instruments”, 
was to: (l) review and refresh instrument technique; 

(2) emphasize proper scanning, which is a method of sequence 
of reading the instruments; (3) accentuate the fact that the 
basic purpose of all weather training was safety in flight; 
(4) serve as a review of basic material related to instru- 
ment flight; and (5) emphasize flight by attitude. It also 
briefly explains vertigo which Is a state of confusion 
caused by the loss of familiar references, and false 
sensations. It went Just as briefly into attitude, or 
position flight then quickly swung into aerodynamics and 
into the need for understanding instrument construction. 

The remainder of the picture went quickly into power 
reactions of the plane when throttle was added or reduced, 
and into various maneuvers such as timed turns, partial 
panel work, full panel work, illustrations of how a pilot 
could fall into dangerous flight attitudes, and emphasized 
the need for proper scanning methods. 

It is very easy to see that the above is a lot of 
material to include in one motion picture that runs for only 
thirty minutes. Therein lies, perhaps, one reason why, 
before this picture, there were no films on instrument 
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flight as such. The subject Is deeply involved with 
related material. 

Interviews with air lines . The chief pilots of 
every air line at the Los Angeles Municipal Airport were 
contacted and questioned about the films used by the flight 
school of his company. In cases where there was doubt, the 
school. If it existed in another locale, was written. The 
air lines were 

(1) American Air Lines 

(2) Pan American World Airways 

(3) Transworld Air Lines 

(4) United Air Lines 

(5) Western Air Lines 

Rot a single one of the above companies had films on 
instrument flight. They all used the films that the 
military forces made on aerology. Two of the companies 
professed knowledge of the films on Flight Procedures, but 
did not use them. All of the companies stated that their 
pilots were expected to have instrument flight qualifi- 
cations before they were hired and were expected to maintain 
these qualifications through actual time in the cockpit. 

One of the chief pilots thought films could be made 
on the subject and would be useful. 

Two of the chief pilots expressed doubt of the 
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usefulness of training f lists. Their belief was that a roan 
learned to fly only in the cockpit of a plane. 

One had no opinion at all. 

Another, by letter, commented on the use of slides, 
wall chart, cutaway parts and working models of operating 
units, but failed to express a concrete opinion on the use 
of training films. 

Letters and personal visits . Seventeen letters were 
written toj (l) prominent manufacturers of flight instru- 
ments; (2) departments of the Air Force; (3) departments of 
the Navy; (4) organizations that deal with flight safety. 
Visits were made to local aircraft manufacturers and to the 
Institute of Aeronautical Science. 

The letters asking for information on the uses of 
motion pictures in the study of flight instruments and in 
the teaching of instrument flight were written to the below 
listed sources. 

I. Manufacturer a : 

(1) Airborne Instrument Laboratory, 

Mineola, New York 

(2) Bendix Aviation Corporation, 

Red Bank, New Jersey 

(3) Eastman Kodak Company, Industrial Division, 

Rochester, New York 

(4) Eclipse-Pioneer, Division of Bendix Aviation 

Corporation, Teteboro, New Jersey, 
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(5) Engineering and Research Corporation, 

Hyatt sville, Maryland. 

(6) Sperry Gyro scope Company, 

Great Keck, Long Island, Hew York 

(7) Ganisco Products, 

Los Angeles, California 

II. Organisations : 

(1) Flight Safety Foundation, Inc., 

Hew York, Hew York 

(2) Spartan School of Aeronautics, 

Tulsa, Oklahoma 

(3) Dr. Morris S. Viteles, Department of 

Psychology, University of Pennsylvania, 
Philadelphia, Pennsylvania 

III . Departments of the Government : 

(1) Department of Commerce, 

Civil Aeronautics Administration, 
Washington, D. C. 

(2) Department of Commerce , 

Civil Aeronautics Administration, 
Technical Development, 

Indianapolis 21, Indiana 

(3) Director of Flight Safety Research, 

Horton Air Force Base, 

San Bernardino, California 

(4) U. S. Haval Air Development Center, 

Johnsvllle, Pennsylvania 

(5) Haval Air Materiel Center, 

Philadelphia, Pennsylvania 

(6) Air Materiel Command, u, s. Air Force Base, 

Wright-Patteraon Field, 

Dayton, Ohio 

IV. Personal Visits: 



(1) Office of Haval Research, 
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Los Angelos, California 

(2) Douglas Air Craft Company, 

El Segundo, California 

(3) Douglas Air Craft Company, 

Santa Monica, California 

(4) North American Air Craft, 

El Segundo, California 

(5) Institute of Aeronautical Science 

Los Angeles, California 

(6) Sperry Gyroscope Company, 

Los Angeles, California. 

At this point it is worth while noting that in these 
times of world unrest and nervous activities, busy wen 
could find time to answer the queries of a student. 

The answers to the letters and questions were 
generally negative. However, three of the letters produced 
fruit. The letter from the U. S. Naval Development Center 
recommended a number of references that contributed heavily 
to Chapter III. The letter from the Naval Air Materiel 
Center produced evidence that there was a film on the 
subject of "Pilot Eye Fixation". Again this was support 
for Chapter III, and for this thesis. 

The Sperry Gyroscope Company, through the letter 
from their office in Great Neck, Hew York, and through their 
branch office in Los Angeles, provided both information and 
films. The letter from Kr. H. C. Bostwiek is quoted, in 
part, below: 
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1. In reply to your letter of January IT, 1951# 
concerning our use of motion pictures in our flight 
test work, we have found them useful in two major 
respects. The first is as an educational medium. In 
this case movies are made showing the functional and 
operational usage of certain flight Instruments. 

Although this medium has been beneficial, it is believed 
that the principal functions played by motion pictures, 
as far as our operations are concerned, is in the 
collection of flight test data. Here we have used a 
movie camera to record a wide variety of instruments. 

We also have taken movies of approaches made under 
conditions of extremely low ceiling and visibility. 

2. In the latter case, motion pictures appear to be 
the only method of recording which gives the viewer a 
"feel" of what these approaches look like to the pilot. 

3. It is our intention to continue taking these 
data movies for an indefinite period* . . 

The Sperry office in Los Angeles furnished copies of 
two of their pictures which will be discussed In Chapter IV. 
These pictures, ‘'The Zero Reader" and "The Gyroayn Compass", 
were produced to demonstrate Sperry instruments. This 
company also produced a film, "The Attitude Gyro Indicator", 
for the military forces. This film will also be discussed 
In Chapter IV. 



Visits to aircraft companies . The visits to air- 
craft manufacturers shattered an old mental picture of how 
instrument flight test data were recorded. It was believed 
that cameras were mounted In the cockpit all around the 



1 Personal letter from H. C. Bostwick, Engineering 
Director for Plight Research, Sperry Gyroscope Company, 
Great Heck, Hew York, January 29 # 1951 * 
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pilot in a plane to be tested* Perhaps at one time such a 
set up was used, but present day collection on Instrument 
flight test data is done differently* 

The flight test section of the Douglas Aircraft 
Company, at £1 Segundo and in Santa Monica, demonstrated 
their set up for compiling data. The same arrangement was 
used in the smaller plane made at £1 Segundo and in the 
larger four engine plane made at Santa Monica and Long 
Beach. An enc losed-open-t op-box arrangement was used. The 
instruments were stationed in one side of the box and a 
camera was mounted in the same side with the instruments. 
Directly across from the Instruments and camera lens, two 
feet away, was a mirror. Along each side of the mirror a 
series of small lamps were placed so as to strike the 
instrument panel at a forty-five degree angle. Thus, the 
panel was lighted. The camera and lights were controlled 
electrically from the cockpit and were set in motion when 
desired. In this manner, the camera, in photographing the 
mirror, effectively doubled the distance between the lens 
and the panel. This unit is very compact and easily moved. 
Any instrument, engine or flight, of standard size could be 
Installed in the panel* The camera was a 35 «m DeVry which 
had been altered by Douglas to fit the test stand. See 
Figure I. 

The results on the film were read by means of a 



18 




PIQUES I 



AN ENCLOSED-OPEN -TOP-BOX FLIGHT TEST DATA STAND 
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"Recordak Library Flla Reader” mad* by Eastman Kodak 
Company. The data were compiled in tables or on data 
curves. This arrangement is interesting as a means of 
evaluating flight instruments. 



CHAPTER III 



EYE MOVEMENT STUDIES 

This chapter is concerned with the role that motion 
pictures have played in the studies of pilot eye fixation. 
The growing complexity of modern aircraft and the errors 
that this situation causes emphasizes the need for simpli- 
fication. The purpose of eye studies is to provide the 
basic data regarding pilot eye movement during instrument 
flight. Such studies provide material that is used in 
designing aircraft instruments and instrument panels on 
which many Instruments are arranged. 

Studies of this type are of interest to the psy- 
chologist because human beings are one of the links in the 
system of aircraft flight. So though the actual design of 
equipment is a problem of the engineer, the acceptability 
and the use of the design is a problem of the psychologist. 

Motion pictures come into play because of the 
conditions under which the studies of the psychologists 
must be made. In studying and recording eye movement 
during instrument flight it was necessary that the pilot be 
as unrestricted aB possible. The usual methods of eye study 
that require a fixed position of the head were undesirable 
and unsuited. 

Development of the methods for observing and 
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recording eye movement . The intention her© is to briefly 
review the different methods of studying eye movement before 
motion pictures were employed; and thus show the impossi- 
bility of their use as a mesne of studying the eye movement 
of aircraft pilots. The reading of flight instruments has 
been accepted as similar to normal reading. 

There has been an increase in the study of eye move- 
ment since the third quarter of the last century. Attempts 
were made at that time to measure the speed of movement of 
the eye. The procedure was to divide the total time 
consumed by the eye moving back and forth between two points 
by the number of moves* Large errors were involved because 
account was not taken of the duration of the pause at the 
extreme ends. The Lastansky after-image method that was used 
in 1869 was an improvement. A pencil of light was flashed 
into the eye at regular intervals as the eye moved through 
a given arc. The speed of the eye sweep was determined 
from the number of after-images of light observable follow- 
ing a given sweep of the glance, and from a knowledge of the 
number of flashes per second. The number of flashes seen 
would be in direct ratio to the time taken for the movement. 

The use of a mirror was not introduced until 1879, 
which was after several Involved methods of eye studies had 
been used. Today It is common knowledge that the eye, 
during reading, moves by Jerks or aaccades, rather than in a 
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continuous sweep during the process of reeding. £. Javal, 
a French ophthalmologist* was the first to note this* He 
also is recognised as the first man to begin psychological 
studies of the eye. Zn 1879 he reported a study in which 
he placed a mirror in front of a reader and counted the 
number of pauses per line. The mirror was placed in front 
and a little to the right of the reader ao the investigator 
could place himself behind and observe the movement of the 
eyes during reading. 

The mirror observation method continued in use* as 
was Indicated by reports* as late as 1898. Studies were 
made of eye movement In reading native end foreign languages* 
and in reading proof. 

Several mechanical arrangements had been devised. 

In France* Lamar e, in his work with Javal counted the move- 
ment of the eyes by pressing a finger tip on the upper lid 
of a closed eye while the other eye was reading. Later* he 
attached a small microphone to the upper lid so that the 
sounds made by the movement of the eye could be heard and 
counted. In this manner he was able to count the number of 
pauses made during a line of print. This method was used to 
compare the number of eye movements when the sane slate text 
was read at different distances from the eyes. 

A, Ahrens was Interested In eye movements which 
occurred during writing. His studies were dated 1891. He 
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attached a small Ivory cup to the cornea of the eye. A 
pointer was fastened to the cup so that It magnified the eye 
movements. The end of the pointer touched a smoked surface 
and thus traced the action of the eye. His Idea obtained 
no successful records, but it did give rise to new ideas of 
new development . 

The American Journal of Psychology, in 1898, reported 
that E. B. Delabarre made attempts along the lines that 
Ahrens worked and achieved greater success. He attached a 
plaster cup to a coeanized eye and tried to photograph a 
light beam that was reflected from a mirror held by the cup. 
He was not totally successful, however. He also cast a fine 
wire loop in the cup and connected this with a recording 
lever by means of a thread. A rubber band held the system 
in balance so that the horizontal movements of the eye were 
recorded on the smoked surface of a kymograph cylinder. 

This did not give satisfactory results either. 

E. B, Huey at Clark University, in 1893, succeeded in 
completing a cup type recorder of eye movement. He con- 
structed a cup from plaster of par is, molded it to fit the 
eye and had a small hole In its center to admit light to the 
eye. A light weight lever attached to the cup acted on an 
aluminum pointer, and recorded movement on a smoked drum. 

All the mechanical methods were limited in their use 
and they also required very careful handling so that they 
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would not Injure the eye or Impose unusual loads that would 
cause inaccurate results* R. Dodge and T. S» Cline, in 1901 
laid down certain conditions that a satisfactory study must 
fulfill. 

The eye must operate normally, the apparatus must he 
capable of registering both eyes simultaneously; the 
unit of measurement must be very small; the registering 
medium must have neither momentum nor inertia, and the 
eyes must work under practically normal conditions; the 
apparatus should be such that records can be made from 
a large number of eyes without serious inconveniences 
to the subject either during or after the experiments. 1 

These requirements immediately suggest the use of 
photography. Dodge developed a method of photographing eye 
movement in 1901. 

The method consisted of directing a pencil of light 
at the eye and photographing the image of this which 
was reflected into the camera from the surface of the 
cornea. The camera was equipped with a falling plate 
arrangement. A steady fall of the plate at a constant 
velocity was achieved by the escape of eocgpressed air, 
and later of oil, fro® a cylinder in which a piston 
moved. The speed of the fall could be varied by regu- 
lating the escape of air or of oil* A pendulum which 
oscillated within the plate box in such a way as to cut 
off at regular intervals the light coming in through 
the camera slit provided a timing device. 2 

C. H, Judd, at Yale, used a motion picture technique 
Just prior to 1905. 

He attached a small flake of Chinese white to the 



1 Miles A, Tinker, **A Photographic Study of Eye 
Movements in Reading Formulae, 1 * Genetic Psychology Monograms , 
3*81, February, 1928. 

2 Xbld . , p. 82. 
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cornea and used that as a reference In eye movement and 
a bright metal bead on the rim of a spectacle frame 
worn by the reader as a point of reference In head move- 
ment. Successive icinetoscoplc pictures were taken of 
the subject’s face including the region of the eyes 
while he read. A mechanical drive maintained constant 
speed of the apparatus during exposures. A continuous 
record of the eye was obtained by having two films side 
by side. When one film was covered, the other was 
exposed. Movement of the eye in any direction was 
shown on the records. The path of the eye movement 
could be plotted accurately by projecting en enlarged 
image of the film on a drawing board, and outlining the 
successive positions of the spots of Chinese white. 

Time of fixation was obtained by relating this record 
to the time record which came from a device connected 
to the crank of the apparatus. 3 

This method was not generally used because of the 
lengthy and difficult plotting system. 

In 1912 H. Ohrwall made a quantitative study of eye 
movement during subjectively steady fixation by watching 
the eye through a microscope. F. N. Freeman, during 1916 , 
devised a headgear for holding a small mirror in position 
so an experimenter could observe movements of a reader's 
eye. W. R. Miles constructed a modification of Freeman's 
apparatus, and also devised a method for direct observation 
of the reader's eye movement. The direct method made use 
of a hole cut near the center of the copy. This permitted 

close up direct observation of the eyes and the reader was 

b 

not so distracted as by the presence of a mirror. 



3 XM& .* p. 84. 

4 Ibid ., p. 76 . 
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Attempts were also made In 1913 to record movement 
by means of a pneumatic arrangement. A small distended 
rubber capsule was mounted on a spectacle frame so that It 
rested on the slightly drooping upper lid at the edge of 
the cornea. The capsule was connected to a small delicate- 
ly adjusted tambour by means of a small rubber tube. Eye 
movement was recorded on smoked paper. 

In 1921# R* Dodge contrived a mirror recorder for 
photographing eye movements. An adjustable frame that 
resembled a spectacle frame was held lightly to the head by 
various supports. A recording mirror was held gently 
against the closed lids of each eye directly opposite the 
apex of the cornea. Any movement of the eyes produced a 
change in adjustment of each mirror so that the reflected 
light was altered. The reflected light from each mirror 
passed through a slit in the camera to strike the film or 
plate. 

Since Dodge in 1901 started the corneal reflection 
method of eye photography, many cameras have been built. 

The first cameras recorded only the horizontal motion of 
one eye. Dearborn made recordings of the vertical movement 
of one eye on a horizontally moving film and the horizontal 
movements of the other eye on a vertically moving film. The 
Iowa Eye Movement Camera employed the corneal reflection and 
obtained binocular records of both vertical and horizontal 
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movement a. 5 

In the spring of 19*2, Roe* A. MacFarland, Ph.D.; 
Alfred H. Hoi way, Ph.D.; and Leo M. Hurvich, Ph.D.; 
completed a study that was started in 19*0. Their research 
started out as an attempt to analyze visual processes into 
physiological and anatomical components, but ended as a 
study of functional relations.^ In this study, the 
researchers used several photographic means of recording 
results. All of their instruments required fixed head 
positions and other impediments that ruled them out as a 
means of recording eye movements of aircraft pilots. Many 
of the later studies merely mentioned the use of photography 
to record, and failed to describe the equipment used. 

The discussion of eye study methods was given to 
show the long background of the subject . It also sub- 
stantiates the fact that for studies in confined spaces, 
like airplanes, a simple accurate method must be used. Of 
course, this leads to motion pictures. 



5 Herbert H. Jasper and Robert Y« Walker, ’’The Iowa 
Eye Movement Camera," Science , 7* >291, September 18, 1931. 

^ Ross A. MacFarland, Alfred H. Holway, and Leo K. 
Hurvlch, Studies of Visual Fat l%ua (Graduate School of 
Business jCdminist rat ion. Boston, Massachusetts* Harvard 
University, April, 19*2), 255 PP* 
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Items of eye movement measurement . Eye movement is 
Influenced by a variety of factors. Purpose, difficulty. 
Interest, all affect eye action. Eye movement during 
instrument flight should produce the same action that 
normal print does. Usually clear understanding and rapid 
assimilation produces few fixations and regressions, while 
Ineffective perception and confused apprehension causes 
frequent fixation and regression. The length of fixation 
should vary considerably depending on the difficulty of the 
instrument reading. 

The eye has been the object of much study for some 
time. Heedless to say, all the Items of interest and 
measurement are too numerous to mention. Those included 
herein are related to this particular study. 

The fixation pause* The normal movement of the eye 
Is quick and Jerky. It moves from detail, or subject 
quickly and pauses, or fixes. It is during these fixation 
pauses that the eye actually sees. However, the eye Is 
capable of forming an Image If It slowly and smoothly 
follows an object. Arnold and Tinker reported that an 
average fixation pause of 0.157 seconds Is required to 
Identify a letter, after the eyes have made a twelve degree 
movement. Zn reading the mean pause duration varies about 
0.2 to 0.4 seconds. Fixation pauses In reading probably 
are longer than those mad© In discrimination of sample 
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objects because more time is required for comprehension and 

assimilation of the meaning of material that is read than 

is required for mere discrimination. Pause duration 

Increases as the difficulty of reeding material increases.? 

Regressive eye movements This is the pause following 

a backward eye movement within a line of print. It is a 

factor that differs greatly in individuals and for different 

8 

level a of reading matter. 

Fixation spent This is the number of words, or 
length of material that a person can read at one fixation 
of the eyes. ^ 

Sye movement times The time the eyes require 
between fixations. The time consumed has been measured to 
a mean of about seven per cent of total reading time. i0 



Description of motion picture equipment . The photo- 
graphic equipment, in itself, that was used in recording eye 



? Captain Richard E. Jones, First Lieutenant John L. 
Milton, and Paul M. Fitts, Ph.D., Bye Fixations of Aircraft 
Pilots, I, A Review of Prior Eye Movement Studies and A in- 
scription o7 a lechnl^ue for Recording the Frequency , Su - 
rat ion and~Sequence of Bye fixations During Instrument 
PHkHF W: S". Air RepTrt lS' .^TTHBIy ton, 

Ohio: 0, S, Air Force Air Materiel Command, Wright- 

Fatteraon Air Force Base, September, 19^9)* P* 2. 

8 Ibid ., p. 3. 

9 boc . clt . 

10 Loc. cit. 
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movement was not unusual or altered. Cameras have, for some 
time, been used as a means of making records and are 
becoming even store widespread In use. Regardless of the 
use, the camera remains basically the same. However, 
positioning the camera, or making material available to the 
camera, or conditioning results so they will be photogenic, 
is a problem. 

In these studies of pilot eye movement the recording 
medium had to be such that would not incapacitate the pilot 
in any way. His eyes necessarily could not have been en- 
cumbered with apparatus or light beams, nor could hie head 
be fixed in one position. 

The United States Air Force Air Materiel Command at 
Wright-Patterson Air Force Base, Dayton, Ohio, conducted 
studies on four phases of Instrument flight. In all four 
phases of the Instrument flights, conditions were maintained 
as closely to the actual as possible, Ho artificial 
restrictions were Imposed that might change the nature of 
eye movement or interfere with his control of the aircraft. 
Freedom of head motion was necessary and rendered impracti- 
cal most of the standard eye movement recording Instruments 
that employed a bears of light reflected from the cornea of 
the eye. Head movement also made impractical the use of 
electrical recording of muscle action potentials or of 
retina polarity. It was also desirable that the system used 
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permitted relatively long period* of recording* 

The equipment used consisted of g 3 5m motion picture 
camera with a f8 lens, tOQ-foofc film mg&ztm, a email 
mirror (approximately l£ by 5i inches) mounted on the 
instrument panel and * blind flying hood that restricted 
the pilot *» vision to his instrument panel, and a stop 
watch which was photographed in the Bern frames that showed 
the position of the eyes* The mirror was mounted on the 
instrument panel, approximately in the middle of the flight 
group midway between the tap and bottom rows of instruments* 
The mirror would be adjusted until the pilot’s eyes 
reflected into the camera. See Figures ZI and III* All of 
the photographs in this chapter were obtained through the 
generosity of Captain Jones, Lieutenant Hilton and Dr* 

Fitts, of the 0* S. Air Force Air Materiel Command. 

Vibration, a major problem in mounting the camera, 
was overcome by using a conventional wooden tripod secured 
to the deck of the craft by ft quick release mechanism. See 
Figure IV. 

There was a need to both limit the pilot’s vision to 
his instrument panel and permit as much light into the cock* 
pit as possible. A solution to this problem was arrived at 
by construction of a hood for the pilot and leaving the 
windshield unobstructed. The hood resembled a welder’s 
shield and consisted of a sheet of sand blasted plexiglass 




FIGURE II 
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used in the first series of experiments. 
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FIGURE IV 
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fixed to a harness. Thia arrangement restricted the pilot, 
but permitted total vision for the safety pilot and un- 
obstructed light for the camera. 

The stop watch was mounted near the pilot’s head at 

the same distance from the camera. A mirror was used to 

reflect the face of the watch so that each photograph of 

the eyes contained the watch also. This made it possible to 

determine to the nearest tenth of a second the interval 

covered by any period of photography and to calculate a time 

11 

value for each frame. See Figure V. 

Procedure for analysing the film records . The time 
on the stop watch was noted at the beginning end end of the 
film strip. The total elapsed time for one strip was deter- 
mined and divided by the number of frames in the atrip. 

Each frame was thus evaluated as to time. Each frame was 
then viewed on a moviola. The position of the eyes indi- 
cated the instrument being read. Reference photography had 
been made of each pilot looking at each instrument. The 
film scorer counted the number of frames spent on each 
instrument and computed the time per fixation. Eye blinks 
were also recorded, though most of them occurred between the 
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Ibid ., p. 15 
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HORIZON 



Three frames of photography reproduced from the film 
recording of one subject’s eye movements to illustrate 
the ease with which the instrument the pilot is fixating] 
can^be determined. I . 



FIGURE V 






